ABSTRACT: Landslides are one of the most dangerous natural hazards in the world which have significant negative impact on so many lives and properties. Interferometric Synthetic Aperture Radar (InSAR) is an imaging technique for measuring changes in the detailed characteristics of the surface which is timely and cost effective. This research aimed to detect the landslide that occurred in Gunung pass area, Malaysia using InSAR generated from ALOS-PALSAR repeat pass data. The signals information was converted into amplitude and phase for both scenes where the phases were used to construct the InSAR. Goldstein filter was used to reduce the phase noise and the results were used as an input for phase unwrapping. Using the unwrapped phase, the vertical displacement was measured and landslide was recognized. Results showed the efficiency of InSAR in detecting the movement of landslide in Gunung pass without the differential having to generate DInSAR. The results were validated using the observed reference point of the landslides and the root mean square error (RMSE) was 0.19. Furthermore, advance 3D processing was performed for measuring the volume of the landslides. The achievements of current research represented that PALSAR data yield excellent performance to generate the interferometric and landslide could be detected very precisely in highly vegetated tropical forest.
INTRODUCTION
SAR is an active remote sensing system which has the capability of data collection day and night under all weather conditions. In recent years, SAR data are increasingly applied to natural hazards' researches, either by themselves or in combination with data from other remote sensing sensors. Such applications include flood (Pradhan, 2010; Youssef et al., 2013) , water salinity , earthquake (Dalla Via et al., 2012) , landslide (Lee and Choi, 2003; Hassaballa et al., 2013) and etc. can be analyzed and mitigated using SAR. At present, a number of spaceborne SAR systems from several countries and space agencies are routinely generating data for such research (Rodriguez-Cassola et al., 2010) .
The SAR technique is highly popular in landslide studies (Sidle and Ochiai, 2006) . Globally, landslides cause 1,000 deaths per year with property damage of about US$ 4 billion (Pradhan and Youssef, 2010) . Landslides make serious damages to structures such as transportation, buildings, natural resources, and threatened so many lives. In recent years, various techniques have been applied to evaluate or forecast these events (Tien Bui et al., 2012a) . There are many ways exist to track the changes and movements of the earth surface such as geotechnical instrumentation (Angeli et al., 2000) , GPS systems (Malet et al., 2002) , total stations (Hsiao et al., 2004) and many other geodetic methods (Van Westen et al., 2003) . The drawbacks of these methods are related to the high cost of data collections and requirement of extensive field work. Recent advancement of SAR has augmented revolutionary studies in natural hazard studies through the development of new techniques such as InSAR. This technique gives the opportunity to collect the data in any study areaprecisely, economically, conveniently and efficiently (Dong et al., 2013) . In the literature, a few popular methods are seen in landslide analysis i.e., artificial neural networks (ANN) Lee, 2010a, 2010c; Pradhan et al., 2010b) , fuzzy logic (Akgun et al., 2012; Pourghasemi et al., 2012; Tien Bui et al., 2012b; Pradhan, 2011) , decision tree (DT) (Pradhan, 2013; Tien Bui et al., 2012c) , and Adaptive neuro fuzzy inference system (ANFIS) Oh and Pradhan, 2011; Tien Bui et al., 2011) which have been used for landslide susceptibility and hazard mapping. Although all these methods are mostly used for landslide susceptibility and hazard mapping, however they are not comparable with the precision and speed of InSAR in detecting and analyzing the landslides. In recent years, InSAR has become a widely used technique to measure the elevation and deformation of the earth surface, which both these abilities are highly related to the landslide susceptibility mapping (Singh et al., 2005) .
InSAR is a technique that has been developed over several decades in radio astronomy which can produce very accurate information about the height and any small movement of the earth at a sub-centimeter level (Crosettoand Pérez Aragues, 2000; Baek et al., 2008) . InSAR was proposed by Graham in 1974 and applied for the first time at JPL (Jet Propulsion Laboratories) in 1996 using airborne data (Gabriel et al., 1989) . Radar interferometers are proving to be a cost-effective method for wide area, rapid mapping applications, and do not require extensive hand-editing and tiepointing. Additionally, these systems can operate at night in congested air-traffic corridors that are often difficult to image photogrammetrically. Moreover, this is very efficient at high altitudes in tropical regions that are often cloud-covered. Some of the most significant applicationsof InSAR techniques arethe generation of digital elevation model (DEM) (Graham 1974) , geophysical hazard analysis (Massonnetand Feigl, 1998) , glacier velocity measurements (Gourmelen et al., 2011) , and land use classification (Engdahl et al., 2003) . They exploit the interferometric phase, which is proportional to the difference of the paths length between the radar positions and a target on the earth's surface, and the interferometric correlation, which depends on target characteristics (Abdelfattahand Nicolas, 2002) .
Landslides can make the earth movement in both vertically and horizontally. Differential InSAR (DInSAR) is a technique that can detect both movements through using two InSAR datasets (Jo et al., 2010) . It means three dataset are needed to perform DInSAR, which can produce very precise information about the deformation of the surface (Samsonov et al., 2007) . As the aim of this study is just to detect the vertical displacement caused by landslide event; therefore, there is no requirement to perform such analysis. On the contrary, InSAR is adequate to achieve this goal which can reduce the cost of this research significantly. Similar studies have been done by other researchers elsewhere such as Fruneau et al. (1996) used InSAR to track the ground movement of the "La Clapiere" landslide which took place in Southern France extending over a few square kilometers with height variation between 1100 m and 1700 m. In another paper, Chen et al. (2000) gathered information about the application of InSAR in earth surface deformation studies. They stated that while the landslides are very small and detecting them is very tough task; however, InSAR could overcome this difficulty and earth surface deformation due to landslide could be measured using differential interferograms. Singhroy et al. (2008) stated that new information on the deformation behavior of complex landslide processes can be acquired using this technique. It has been proved by many researchers that InSAR images are able to produce the detail information about the landslide process and slope profiles of the large rock slides occurring on steep slopes and along faults (Singhroy et al., 1998) .
There are some studies in the literature such as Alimuddin et al. (2013) performed DInSAR in tropical countries in order to recognize the landslides. They produced landslide map which took place on 26 March 2004 in Jeneberang Watershed of Indonesia. DInSAR creation requires at least three datasets and two interferograms in order to be able to detect the displacements. While using one interferofram and within less time these deformed regions can be recognized, therefore, it is not wise to perform DInSAR. So this study aims to reduce the effort and cost in the process oflandslide detection (vertical movement) using InSAR which needs just two datasets and one interferogram. In recent years, the occurrences of landslides in Malaysia have increased significantly mostly due to the effect of the climate change and heavy rainfall. Landslides mostly happened on cut slopes or on embankments alongside roads andhighways, near highrise apartments and in residential areas (Lee and Pradhan, 2006) . The Gunung pass area of Malaysia is one of the regions, which is heavily affected by landslide events. So it is critical to have clear understanding about the causes and trend of this natural hazard in order to prevent the occurrence of more damages over the area and minimize the human and property loss. The first step in such planning is to detect the landslide areas and map them precisely.
The aim of this study is to detect the landslides using InSAR, without generating the DInSAR which leads to reduce the work load, time and cost. Also this research aims to illustrate the efficiency of InSAR technique compared to other methods which have difficulty in mapping the susceptible areas of tropical countries due the regular cloud cover and thick vegetation. Granica et al. (2005) generated InSAR to detect the landslides in built up areas anddense vegetated areas. They reported that there were some limitationsin the performance of InSAR to detect the landslides in dense vegetated regions. As this drawback is due to the use of short wavelength SAR data, the current study aims to overcome this difficulty using L-band ALOS-PALSAR data. Additionally, this paper attempted to measure the volume of the landslides with 3-D representation in GIS.
STUDY AREA AND DATA USED
The study was conducted between Perak and Pahang state in Gunung Pass area of Cameron Highlands district as shown in Figure 1 . Gunung Pass is a tropical rainforest covered by hilly terrain of Peninsular Malaysia. Geographically, Gunung Pass is located on the 26 th km of the highway at latitude 04°3555N and longitude 101°2049E. Elevation of the road is 1391 m above the mean sea level while the peak of Gunung Pass reaches 1540 m above mean sea level. The lithology of Cameron Highlands consists mostly of Quaternary and Devonian granite and schist (Khan, 2010) . The rocks of the Gunung Pass area consist of a sequence of metasedimentary rocks, which are confined within a 4 km-wide, N to NNE trending belt (Malone et al., 2008) . The detected landslides took place in Gunung pass area on the highway in the July of 2009.
Selection of SAR images is very critical task, as the data should besuitable and have specific characteristic in order to be used in the interferometric processes. It is a key step, since the criteria adopted for selection of the images have strong impact on the quality of the final results. These criteria's are dependent upon the specific application for which the SAR interferometric images are required. For current research, a pair of HH polarized L-band of ALOS-PAL-SAR data was used for the purpose of interferometric generation. Both, master and slave data were acquired in January and December of 2009 respectivelywithin a period of 355 days. The range sampling frequency and chirp bandwidth were 32 and 28 MH Z respectively; furthermore, the bit quantization was 5 bits.
METHODOLOGY

Ground Survey
A data collection was done using GPS to detect the exact location of the landslide. Furthermore, the collected data was used for refinement of the resulted interferogram. Levelling was obtained from in-situ measurement for detecting the movement of the landslides in vertical direction. More than 20 points were collected from the landslides location and other parts of the scene. The levelling and the horizontal measurement were done when the data were acquired in 2008 and 2009.
Data Importing and Focusing
The pair of raw SAR data (level 1.0) which were acquired by ALOS PALSAR has been processed for a purpose of generation single look complex (SLC) data. The data have been processed using the leader file. This file is located before image file and stored as annotation data and ancillary data. In addition, it stored the other types of data related to the image data in the succeeding image file. The leader file in level 1.0 product contains the following information: file descriptor, data set summary, platform position data, attitude data, calibration data, and facility related data (Kamiya, 2007) . Dual Polarization mode (FBD) (JAXA) PALSAR model was applied for getting the level 1.1 product which has the phase and magnitude image data.
Base Line Estimation
The base line estimation function was used for a purpose of getting the information about the orbital parameter and baseline value which represents the pair input for interferometry fringe generation. The obtained data cannot be used in any interferometric processing; however, it can be used for interferometric quality assessment (Yoon et al., 2009 ). The perpendicular component of the baseline B n should be less than the critical baseline. When B n is less than critical baseline, the coherence will be lost, i.e., no phase information will be preserved making it difficult to generate the interferometry (Kim et al., 2001 ). The critical normal baseline B n,cr can be found in Equation (1).
(1)
Where λ, R, R r and θ are the range distance, the wavelength, the pixel spacing in range, and incidence angle respectively.
Interferogram Generation
The interferogram was generated using ASTER DEM for a purpose of avoiding the topology change effect of the fringe ( Massonnet and Feigl, 1998) . DEM has a lot of benefits which can enhance the co-registration accuracy and improve interferometric phase (Scambosand Haran, 2002) . The difference in the distance between a certain features to the sensor can be calculated using the phase difference (φ); furthermore, the two SLC SAR images should be co-registered. The operation is performed by multiplying one image by (the complex conjugate of) the other one. The phase of the produced interferogram shows the fringes representing the topography. While ASTER DEM was used in this processing, the constant phase and topographic phase have been removed from the resulted fringe. The direction of the fringe and the fringe interferogram can be calculated using Equations (2) and (3), respectively. (2) (3) Where Imag (I) and Real (I) are the imaginary and real partsof the interferogramrespectively. ΔR is the slant range difference from satellite to target respectively at different time, λ is the ALOS Palsar-SAR wavelength which is about 23.62 cm. During the interferogram generation, the bandwidth filtering of common Doppler and spectral shift were performed for a purpose of capturing the full scene's potential coherence. The Doppler bandwidth filtering is needed to recompense the various Doppler which produce shifted azimuth spectra.
Noise Reduction and Coherence Generation
Goldstein (Goldsteinand Werner, 1998; Baran et al., 2003) filter was used to produce an output with no phase noise. The filters' variable was derived from the spectrum of the generated fringe. These variables can smoothen the phase with high correlation while broad-band will be useful in the case of low correlation. The filter was optimized using an "alpha" parameter in an adaptive way using the coherence local information. The coherence (γ) is an indicator of the phase quality and was generated using the SLC of the two scenes (S 1 , S 2 ) which is resulted in range between 0 and 1 which is a function of systemic spatial de-correlation and temporal de-correlation between master and slave acquisitions (Nizalapur et al., 2011) as shown in Equation (4). The used coherence window for both Azimuth and range was chosen as 7 (Cattabeni et al., 1994) . (4) 
Phase Unwrapping
The modulo of the phase in the generated interferogram is ranged only in 2π; therefore, the cycle will be repeated again itself when the change in phase reaches 2π (Zebker et al., 1994; Navarro et al., 2012) . This phase can be solved using phase unwrapping to resolve the 2π ambiguity. Different algorithms have been published such as region growing (Ojha et al., 2012) , minimum cost flow (Lachaise et al., 2012) , branch-cuts , minimum least squares (Navarro et al., 2012) and multi-baseline (Lachaise et al., 2012) , etc. In this research, we used region growing method with level 1 decomposition and 0.15 thresholds. This is because, in the literature it is suggested to choose low coherence threshold (0.150.2) to have enough freedom during the growing process (Ojha et al., 2012) .
Phase to Displacement Conversion
The unwrapped phase was converted into vertical displacement geocoded image using the WGS, UTM in the zone 47N. The conversation of the phase process is same as the geocoding processing; however, the only difference is the Range-Doppler was applied to the two unwrapped images which made a possibility of extracting the displacement and location of each pixel in the specified reference system. The 2π of the differential phase in the interferometric fringe represents half wavelength along the Slant Range direction .
RESULTS AND DISCUSSION
The statistical results of the baseline between the two sensors wereproperfor an InSAR generation as the normal baseline was 299.6 meter (Kim et al., 2007) ; meanwhile, the critical baseline was 6557.6 meter. The other statistic of the baseline estimation can be seen in Table 1 .
The resulted SLC and signal image can be seen in Figure 2 which represents the conversion of the signal into phase and magnitude. The feature can be clearly seen and the data can be extracted; however, the SLC result is not georeferenced and the geometric characteristic is not true. Figure 3 shows the generated interferogram after applying Goldstein filter which could clearly detect a significant change that has happened before. The area that displaced is the exact area of the Gunung pass landslides. The change in phase that was represented in sequences of cycle shows the change in earth surface during different time (January 2009December 2009) where every cycle is scaled to 11 cm. The resulted coherent varied between 01; where 0 represents no coherent; however, 1 represents the maximum coherent. In the selected study area, it can be seen in Figure  4 that most of the area has high coherent which can be considered as a sign of good interferometry.
The resulted displacement maps which were showed in centimeter could be used for the accurate detection of the vertical displacement that was caused by landslides as shown in Figure 5 . The landslide displacement area was extracted from the analyzed images for a purpose of detecting the area that has been displaced. The area that has been displaced with more than 60 cm was 0.02 km 2 while the <20 cm displaced area was 0.2 km 2 . The areas with 2.7 and 7.4 km 2 displaced with 2040 cm and 4060 cm. the area with >60 cm (red legend) was the exact area where the landslides took place in the 2009 (Fig. 1) .
To assess the correctness and quality of the result, root mean square errors (RMSE) (Eq. 5) was performed by comparing the in-situ measurements with the resulted one. The resulted RMSE was 0.19 which is acceptable and shows the efficiency of the proposed method in recognizing the landslides with high precision. The scatter plot which represents the observed and measured points for validation purpose can be seen in Figure 6 . (5) Where: F i = the forecast values of the parameter in question; O i = the corresponding verifying value (analyzed); and N = the number of verifying points. The achieved accuracy made it possible to perform 3-D visualizationand to measure the volume of the landslides by calculating the volume of each resulted pixel. As the pixel dimensions are fixed (12×12), the only variable is the vertical displacement which was calculated using the InSAR. The calculated volume was around 100000 m 3 . The resulted InSAR was processed and modeled for DEM construction. The resulted DEM represents the earth terrain prior to the landslide event. Then, the vertical displacement was subtracted from the DEM to generate the condition of the terrain after the landslides. Two 3-D plotted DEM can be seen in Figure 7 .
CONCLUSION
Landslides like other natural hazards, such as flooding, volcano and etc. is very difficult to be predicted; meanwhile, mapping and analyzing their performancecan aid to forecast them through the easier and more precise method. Due to the frequent occurrence of landslides in Gunung pass, Malaysia, it is necessary to detect and map the occurred landslides to analyze their characteristic in order to perform proper planning and mitigation strategies. Although many methods are already in place for landslide mapping, most of them are time consuming and have complicated processing steps. InSAR method facilitated the mapping process of landslides and other ground movements measurementsthrough the easier and more accurate way.
The process of InSAR generation started with the acquisition ofa pair of L-bandALOS PALSAR data with HH polarization. SLC was produced to be combined with ASTER DEM in order to generate the interferogram and coherence data. Coherence datathen was filtered using Goldstein for noise reduction. Finally, the phase was unwrapped using region growing technique which was derived for vertical displacement generation. The displacement map revealedthe strong capability of InSAR to recognize and observe the very small movements (in cm) of the earth surface which occurred due to the landslide with resulted accuracyof 0.19 RMSE. Furthermore, the volume was calculated to be around 100000 m 3 which represents the amount of the mass moved due to landslide. In addition, the result was presented in 3-D visualization. Based on the achievements of this researchthe proposedmethod is strongly recommended to be applied on any similar tropical regions. Furthermore, current research revealed that the L-band of SAR data is able to provide acceptable coherence over highly vegetated areas. This can be considered that L-band is a proper wavelength for such kind of interferometric studies. Also, the integration of ALOS PAL-SAR with airborne data may be very promising in future. 
